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Presentation VIS

“Study of a Numerically Modeled Severe Storm”, NCSA, UIUC
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Presentation VIS

“Fusion Simulation Visualization” Kruger, Sanderson, et al
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Exploratory VIS

VisTrails - Spreadsheet - Untitled

MEEL

Properties @ &

-

Tag: Density Field Volume Render | Ld

e x

User: eranders

Date: 13 Sep 2007 12:33:45

Notes:

3 Code PDF Surface Analysis
¥ Mat\abAdPath h

MatlabRunCommand

= 1.
- MatlabArguments
M‘ ;: b; ‘;‘R; " Density Field Volume Render Density Contours
atlabSplitResults
@ VK

& vtkObjectBase

In this workflow, we describe the density
field induced by the particles in the
cosmology in question. This density field
is visualized by a volume rendering the
field with an appropriate transfer
function. Tones in red represent
extremely low density regions whereas
blue hues depict areas of high density.

& vtkobject

&-vtkimport
vtk3DsImporter
VtkVRMLImporter

& vikinteractor

- tk3DWidget
vtkBoxWidget
- vtkPolyData
vtkimag...

Imposing error analysis methods here
would greatly help validate the accuracy
of the visualization.

wtkimplic...

vikPlane...
vtkimageTr...
\tkLineWidget | |

Anderson, eltmann, Habib, et al
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Most Popular Computer Tool for
“"Exploratory Discovery”?

Microsoft PowerPoint!
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Influential VIS tools
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IBM OpenDX

J:  File Edit Windows Connection Options Help
r 1= hil L Lp! jul

Categories:
- Global Temperature at 100 mb Level
S;E;:::t'on L J File Windows Connection Options Help
Debuggin o H p—

Imporgt%ngExport Longitude (Degrees

Interactor

Realization

Rendering

Special

Structuring
[Transformation

{ALL}

PRAVDA Tools:

AutoRuleColor
ColorMapLookup
ColorMapPicker
PRAVDAColor
RuleColor
ScaleColorMapData
SpatialFreq

Width

(e} uy
=

! o~

100 mb Temperature (K)

Gontrol Panel
File Edit Panels Options  Help

| Isomorphic —

» » »

Map 1 | Map 2 | Map 3|

Software for Exploratory Visualization Silva & Freire



SCIRuUnN

Run (forward-fem.net) |

cale

SCIRun BioPSE Teem

Insight Matlabinterface Sub-Networks

Help

Fle Edit Visual New'iewer

M FieldReader
0.31 [EN [

| | SetupFEMatrix

SolveMatnx

0.00 JEEY [

0.00 JEEY [

-UI ManageFieldData

-
ul Isosurface
==

SCIRun v1.22.0

Loading packages, please wait...
Loading package 'SCIRun'

Luading package ‘BiuPSE’

Loading package 'Teem'

Loading package 'Insight’

Loading package 'MatlabInterface’

ul MeldReader
_] 0.00 JEEEEN [

ShowDipoles - ClipField
il 0.01 JE [ i] P

FicldRcader

0.00 JEENE [

_UI- Directinterpolate
_I U. ¢ [ )

| FieldReader
__I 0.01 I [
0.04 T[]

| ShowField
0.02 [T

ul GenStandardColorMaps
_] 0.12 JE [

i "_ Fes:aleculnrMm
JUIN e

ﬂ Emwﬁeld
0,00 [

ul ShowFicld
_l 0.06 JEE

ul SampleField

0.02 [

= = irectinterpolate

_L” 0.85 JEN [ (

-III ﬁlnwﬁeld
[l n ne |

Institute

uting and Imaging

271201 polygons in 0.09 seconds
3.01334e+06 polygons'second
0.7 frames/sec

Autoview
Views...

Set Home View
Go home j

Double-click here to detach

M Lighting Objects:

.1 Fog o ST SR ) vpuIS...

I BBox o Faces (8) Options...

W Use Clip ) 5 -

1 Back Cull _] W 3howDipole Lines (3) Options...

_{ Display List M Elcctrodes Nodes (2) Options...

92 W Isosurface (1) Options...

s Nat _,

+ Gouraud |} /] ]

I Show Axes

i Orientation

1 Ortho View

1 Stereo

Fusion Scalc:
0.40

oo

Scientific Com
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VTK

VTK Home

Kitware Home / Newsletter
public.kitware.com

What is VTK?

VTK In Use

Buy The Books

Download

Mailing List

Quality Dashboard

Bugq Tracker

Search

Manual: 5.0, 5.x (nightly)
Manual: 4.0.2, 42.1

VTK FAQ

VTK Wiki

VTK Technical Documents

How To Contribute

Coding Standards

Visualization Toolkit

The Visualization ToolKit (VTK) is an open
source, freely available software system for
3D computer graphics, image processing, and
visualization used by thousands of
researchers and developers around the world.
VTK consists of a C++ class library, and
several interpreted interface layers including
TclTk, Java, and Python. Professional support
and products for VTK are provided by Kitware
Inc. VTK supports a wide variety of
visualization algorithms including scalar,
vector, tensor, texture, and volumetric methods; and advanced modeling
technigues such as implicit modelling, polygon reduction, mesh smoothing,
cutting, contouring, and Delaunay triangulation. In addition, dozens of
imaging algorithms have been directly integrated to allow the user to mix 2D
imaging / 3D graphics algorithms and data. The design and implementation of
the library has been strongly influenced by object-oriented principles. VTK
has been installed and tested on nearly every Unix-based platform, PCs
(Windows 98/ME/NT/2000/XP), and Mac OSX Jaguar or later.

Many resources exist to help you utilize the full potential of VTK in your
application area. These resources include:

Mailing List: Over 1900 users are subscribed to this list. A great place to post
questions, and search for answers.

VTK Textoook: The Visualization Toolkit, An Object-Oriented Approach To 3D
Graphics, 3rd edition, ISBN 1-930934-12-2, now published by Kitware. This is
a great book to read if you want to learn the details of the visualization
algorithms and data structures. The book is often used as a college text in
visualization and graphics courses.

VTK User's Guide: The Visualization Toolkit User's Guide, ISBN

00 VTK Home Page =
OD>) (#) ([ ntp:/ jwwwvikcorg/ 77 v YOG Goooe 2
Most Visited ¥ Getting Started Latest Headlines

M

v

Software for Exploratory Visualization

_é

Silva & Freire

10



Digression: Workflows
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Scientific Workflows and Dataflows

Dataflows are directed graphs describing a
computational task

— Vertices = modules = processing steps + parameters

— Edges = connections between output and input ports

— Execution order determined by flow of data from output to

input portS Ooooooo

vtkStructuredP:

Read File

’ Read File

Input: N Isqsurfa
Head.120.iso \ sosurface | \VfiyEes

[ :
- EtEREnc [ D|Sp ay
Display on
play L
o@doo Screen
VTKCel

|
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Scientific Workflows and Dataflows

A directed graph describing a computational task

— Vertices = modules = processing steps + parameters

— Edges = connections between output and input ports

— Execution order determined by flow of data from output to

input ports

No state or side effects: Outputs are a function of the

iInputs

03 = vtkDataSetMapper (input=02)

02 = vtkContourFilter (value=57, input=01)
Ol = vtkStructuredReader (1nput=I1)

[Lee and Parks, IEEE 1995]

Software for Exploratory Visualization
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o o o >
vtkStructuredPointsReader
ra ]}
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MoO0o0oooogd »
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Scientific Workflows and Dataflows

A directed graph describing a computational task
— Vertices = modules = processing steps + parameters
— Edges = connections between output and input ports
— Execution order determined by flow of data from output to

input ports

No state or side effects: Outputs are a function of the

iInputs

Simple programming model

— Good match for visual programming
interfaces

— Widely used: adopted by most scientific
workflow and visualization systems

— Easy to optimize and parallelize

Software for Exploratory Visualization

Il

Oo0o0o0o0o

| 2

vtkStructuredPointsReader

0

%/

MoO0o0oooogd »
vtkContourFilter

0
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vtkDataSetMapper

n
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Workflows and Computer Programs

tmport vtk 0oo0000 >

data = vtk.vtkStructuredPointsReader() vtkStructuredPointsReader o
data.SetFileName("../examples/data/head.120.vtk") 2.

contour = vtk.vtkContourFilter()
contour.SetInput(®,data.GetOutput())

contour.SetValue(®, 67) Nooooooooa »
vtkContourFilter
10 mapper = vtk.vtkPolyDataMapper() 10

11 mapper.SetInput(contour.GetOutput())
12 mapper.ScalarVisibilityOff()

Wo~NOUV A WN -

Oo0000oooa  »
vtkDataSetMapper

14 actor = vtk.vtkActor()
15 actor.SetMapper(mapper) n
17 cam = vtk.vtkCamera()

18 cam.SetViewUp(9,0,-1)

19 cam.SetPosition(745,-453,369)
20 cam.SetFocalPoint(135,135,15@) O > 00000 »
21 cam.ComputeViewPlaneNormal() vtkCamera = vtkActor

22 n
23 ren = vtk.vtkRenderer()
24 ren.AddActor(actor)

25 ren.SetActiveCamera(cam)
26 ren.ResetCamera()

27 NO000MO00 »
28 renwin = vtk.vtkRenderWindow() vtkRenderer
29 renwin.AddRenderer(ren) n
30

31 style = vtk.vtkInteractorStyleTrackballCamera()

32 1iren = vtk.vtkRenderWindowInteractor() 0@oo 4

33 iren.SetRenderWindow(renwin) VTKCell

34  iren.SetInteractorStyle(style)
35 1iren.Initialize()
36 iren.Start()
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Workflows and Computer Programs

import vtk

1
2
3 data = vtk.vtkStructuredPointsReader()

4 data.SetFileName("../examples/data/head.120.vtk")
5

6

7

8

contour = vtk.vtkContourFilter()
contour.SetInput(@,data.GetOutput())
contour.SetValue(?, 67)

10 mapper = vtk.vtkPolyDataMapper()
11  mapper.SetInput(contour.GetOutput())
12 mapper.ScalarVisibilityOff()

14 actor = vtk.vtkActor()

15 actor.SetMapper(mapper)
s Program

17 cam = vtk.vtkCamera()

18  cam.SetViewUp(0,0,-1)

19  cam.SetPosition(745,-453,369)
20 cam.SetFocalPoint(135,135,150)
21 cam.ComputeViewPlaneNormal()

23 ren = vtk.vtkRenderer()
24  ren.AddActor(actor)

25 ren.SetActiveCamera(cam)
26 ren.ResetCamera()

28 renwin = vtk.vtkRenderiWindow()
29 renwin.AddRenderer(ren)

31 style = vtk.vtkInteractorStyleTrackballCamera()
32 iren = vtk.vtkRenderWindowInteractor()

33  iren.SetRenderWindow(renwin)

34 iren.SetlInteractorStyle(style)

35 iren.Initialize()

36 iren.Start()

Document

The Advanced Html Companion
by Keith Schengili-Roberts, Kim Silk-Copeland. Paperback {August 1998)

Our Price: $35.96
You Save: $8.99 (20%)

Usually ships in 24 hours
Average Customer Review: oirid

Applied XML Solutions {(Sams Professional Publishing)

by Benoit Marchal. Paperback (August 29, 2000)

Our Price: $35.99
You Save: $9.00 {20%)

Usually ships in 24 hours
Average Customer Review: Yoo

Applied XML: A Toolkit for Programmers
by alex Ceponkus, Faraz Hoodbhoy. Paperback (July 1, 1999)

Our Price: $39.99
You Save: $10.00 (20%)

Usually ships in 24 hours
Average Customer Review: Joiicd

0oooooo >

vtkStructuredPointsReader 5
n

0000000000 »
vtkContourFilter
nm)

Mo000000000 »
vtkDataSetMapper

Workflow

(=] 4 O00000 »
vtkCamera vtkActor
n n

H000MoO00 »
vtkRenderer
n

omoa  »
VTKCell

Database

<Book>

<Title>The Advanced Html Companion</Title>
<Author> Keith Schengili-Roberts </Author>
<Author> Kim Silk-Copeland</Author>
<Price> 35.96</Price>..

</Book>

A program is to a workflow what an unstructured
document is to a (structured) database.

Software for Exploratory Visualization
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Kepler

¢ 3_‘ file:/C:/ project/kepler/lib/forBerkeley/BrowserandWSInterfaceDemo-TRY.xml
File View Edit Graph Debug Help

B = RN EER

| utilties PN Director
+| director library - Display
|| actor library
|| more libraries [Z .
|| user library getXMLEntryOutput Display2
E Display3

E Display4
ui=

Browserl searchSimple Displayd

»;E[t"-‘:

XSLTActor

gy  (wwh
[
9

i
— =
—_
PO e O o
« i | [—
- | -
]
—
=
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Back to VIS
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ParaView

ile aV T I
L@ﬂlﬁ@J_usl I CiEcie
E%:;mr;:it:uu ) 1 —

Streamtraces (Stream0) 0864 0902 0940 0.978

Boundary (ExtractGrid1) _I
@ Streamribbons (Ribben0) - .

@ Last plane (ExtractGrid2)
@ Middle plane (ExtractGrid3) /

Parameters I Display I Information I

Name: Stream0
Type: vikStreamTracer
Description: | Streamtraces

|

\“\\

Point1 (041514 1003423 |0.05144
Point 2 ;0.41514 |0.33785 |0.05144
Fesolution 10

o \isibility
Max. Propagation Length ~| 0

Init. Step Len. Cel Length —-[ o5
Integration Direction FORWARD —-[

rintegraterType x -’

| Funge-Kutta 4 --|
|

Max, Steps 2000
Term, Speed {1e-12 7

! ParaView | | 3
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Vislt

[X visit 1.6 iD
Flle Controls Options Windows Help - OmE Aok logmasaWda ) d 4\ s ) ||
Selected files =l |

1: prismOp020.shp

ReOpen ‘ plac | verlay |
4 [—
| <« [w > | 1]

Active window  Maintain limits I Replace plots

1 *| I view! data I Autoupdate Max: ;zﬁ';m

Min: 68,10

Active plots Hide,fShowl Delete I Draw |

P [& |1:Pseudocolor - value

Plots Operators PlotAtts OpAtts Variables

&~ Apply operators and selection to all plots

Engines
Engine Information |
Number of processors: 1
Number of nodes: Default
Load balancing: Static
Total Status:

Stage Status:

nterrupt Clear cache Closeenginel_J TTTTTIT I T [Treryrrry

-122.6 -122.4
]
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VisTrails Project
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Exploration and Workflows

Workflows have been traditionally used to automate
repetitive tasks

In exploratory tasks, change is the norm!
— Data analysis and exploration are iterative processes

A 4

Data Perception &
Data 4{ Workflow J—' Product 4{ Cognition J—' Knowledge
{Exploration}—

Data Manipulation User

A

Specification

Figure modified from J. van Wijk, IEEE Vis 2005

Software for Exploratory Visualization Silva & Freire
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Exploration and Creativity Support

Reflective reasoning is key in the exploratory
processes

“Reflective reasoning requires the ability to store
temporary results, to make inferences from stored
knowledge, and to follow chains of reasoning
backward and forward, sometimes backtracking
when a promising line of thought proves to be
unfruitful. ...the process is slow and laborious”

Donald A. Norman

Need external aids—tools to facilitate this process
— Creativity support tools [Shneiderman, CACM 2002]

Need aid from people—collaboration

Software for Exploratory Visualization Silva & Freire 23



Data Exploration and Workflows

workflow

raw data:CT scan

Files (workflow specifications)

anon4877_voxel_scale_1_zspace_20060331.srn

anon4877_textureshading_20060331.srn
anon4877_textureshading_plane0_20060331.srn
anon4877_goodxferfunction_20060331.srn
anon4877_lesion_20060331.srn

Software for Exploratory Visualization

Notes

inttral

visualization

Adolded texture

a1 Adoed plane to

\

[

Found good
1 ’
(dentified
1 lesion tissue

Silva & Freire
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VisTrails: Managing Exploration

Comprehensive provenance infrastructure for
computational tasks

- Data + workflow provenance

— Treat workflow as a 1st-class data product

Support for exploratory tasks such as visualization and
data mining

— Task specification iteratively refined as users generate and
test hypotheses

VisTrails manages the data, metadata and the
exploration process, scientists can focus on science!

Not a replacement for visualization or scientific
workflow systems: infrastructure that can be
combined with and enhance these systems

Focus on usability—build tools for scientists

http://www.vistrails.org
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Keeping Exploration Trails

e - Workflows Data Products
& < b

(Edor ard cpacity

@ed Coraral View O
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Keeping Exploration Trails

\\/l ' ’\(,, Notes User

Trail s 1
& @D O

nttial
visualization
with z juliana
-scaling
L coxxecked —

Added texture eranders
ano shading

Added plane to viswalize | argnders
tnternal structure

5 Found good
transfer eranders
'(:“V\’cti’o w
o I I : (dentified
C/{ &“—Q’a\o lesion tissue stevec

(l'.ock ed Cororal View) ©
—
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Change-Based Provenance

vtkContourFilter

+ Records actions

+ Provenance = changes to
computational tasks

— Add a module, add a connection,
change a parameter value

+ Extensible change algebra

addModule

deIeteConnection

ﬂ

addConnection

addConnection

setParameterJ ‘ ‘
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Change-Based Provenance

Records actions
Provenance = changes to

computational tasks

— Add a module, add a connection,
change a parameter value

Extensible change algebra vistrail

A vistrail node v, corresponds to
the workflow that is constructed
by the sequence of actions from

Xy

X

()
-

the root to v, SRR
Vt=Xn° Xn—lo "'°X1° @ x
= = 3

‘ decimate
[Freire et al, IPAW 2006] @
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Visualization with VisTrails

Come to tutorial tomorrow!

4 VisTrails Builder - corie-vis.xml

. corie.xml  corie-vis.xml |

i | — =
=R Iy Q | =
g ! : @ @ [ Pipeline  Version Tree  Query Parameter Exploration

Software for Exploratory Visualization

-----------

DACO0%000

-----------

-------

& VisTrails - Spreadsheet - Untitled

Silva & Freire
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Provenance API

Provenance
VisTrails —>| Persistence

Library

Rhino 3D, —>‘ Capture API |

Model
Translation

Publish i
\ MySQL

Layered
Provenance
Model

‘ Query ' Text Files
Storage
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Provenance “Plug-ins”

Provenance
Explorer

Communication API

¥ X

Provenance
Capture

ParaView

Software for Exploratory Visualization

Provenance
Capture

Provenance
Capture

EnSight

Provenance
Capture

Other DOE
Applications

Silva & Freire
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Provenance Enabling 3rd-Party Tools

VisTrails add-on for ParaView

Kitware ParaView 3.1.0 (development)

Fle Edt View

e BY

Sources Fiters Animation Tools Help

CEILX:

W [ o scalars

E9UBRUOS

Pipeline Browser

K<l >m>MS

EBX

g SRR E LA E(Ce
00
@) ¢

& X

Object Inspector

Properties
View

Visible:

Color

Interpolate Colors

Map Scalars
Color by

Edit Color Map... | [Rescale to Data Ranc

Style
Representation
Interpolation
Material
Point size:

Line width

Opacity

Display

Information

Zoom To Data

o scalars

Yolume:
Gouraud
hone
5.00
1.00
1.00

V3 VisTrails Builder - Untitled.xml*

® 9 = a

Undo Redo Pipeline

ENEES

Select | Pan  Zoom

History

Autodesk Maya 8.5: .\untitled --- groupl

0680

File Edt Modify Create Display Window Animate Geometry Cache Create Deformers Edit Deformers Skeleton Skin Constrain Character Help

[ Animation '”-.H 5 l1|_

li4l

+&20@»§‘s0°ﬂi{%?°-%0}

Polygons | Subdivs | Deformation | Animation | Dynamics | Rendering | PaintEffects | Toon | Fluids | Fur | Hair | nCloth | Custom

o9 beoaa@®ir hbﬂ‘&ﬁﬂa’&&‘

Yiew Shading Lighting Show Renderer Panels & 0 /.

Channels  Object

b

groupl
Translate X 0
Translate Y 0
Translate Z 0
Rotate X 0
RotateY 0

0-0

@
@
o

Properties

Tag:
User:

Date:

Notes:

[color-mapped
hvo

07 Nov 2007 19:51:44.

RotateZ 0
ScaleX 1
ScaleY 1
ScaleZ 1
Visibility on

‘* Display " Render
Layers Options Help

LR SIS S S e
|43.00 0

A s

- ‘No Character Set

VisTrails Builder - maya.vt*

(IR

Pan  Zoom

i New Open Save | Pipeline

[Callahan et al.

IPAW 2008]

Software for Exploratory Visualization
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VisTrails add-on for Maya
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ParaView (video)

Provenance Explorer Plug-in
for
Kitware's ParaView 3.0

VisTrails Inc.

Software for Exploratory Visualization Silva & Freire 34



Sample of Ongoing Work

Software for Exploratory Visualization Silva & Freire 35



Querying Workflows by Example

+ Workflows are graphs: hard to specify queries using
text!

+ Querying workflows by example [Scheidegger et al., TVCG
2007; Beeri et al., VLDB 2006; Beeri et al. VLDB 2007]
- WYSIWYQ -- What You See Is What You Query

— Interface to create workflow is same as to query

Pipeline Interface Query Result
W g "8 P" k| O % [Apeine | version 7ae | query | parameter Bxporation g8 ek O X e [ e

o es | quty | parsmter st

DDDDDD

DDDDDDD

nnnnnn

Query Interface

TOO
DODOOD N pe
vtkStructuredPointsReader . @ O
[m)n
R
FO0000000 /g"‘%(@ Q@
=<
O ‘ ,
——— N test_Files/anon_4877_ung. vtk
Contain w4877
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Creating Workflows

+ Complex workflows are hard to create

- Programming expertise

— Domain knowledge

Trails Builder - oct xmit

Ble Edt Vew Run Vistral Help
BDUEBY n/% 8 e [B] O X[ npeine | verionres | ey | orameter Spirati

| cvey npae

uuuuu

Software for Exploratory Visualization

[boooooo0m

— Familiarity with different tools

uuuuuuuu

VikDataSetMapper

Steep learning curve

Sheet 1\ PE#1 ectxml 0

Silva & Freire
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Creating Workflows by Analogy

Use the wisdom of the crowds

- Some workflow refinements are common, e.g., change the
rendering technique, publish image on the Web

Apply refinements by analogy, automatically
[Scheidegger et al, IEEE TVCG 2007]

Source

Target

Analogy Template Automatically constructed visualizations

Software for Exploratory Visualization Silva & Freire 38



Creating Workflows by Analogy

Is to

as

Software for Exploratory Visualization

PDB Report

Protein Title

Authors

Atom Count

Links

NEURAL CELL ADHESION
MOLECULE, MODULE 2, NMR, 20
STRUCTURES
P.H.JENSEN, V.SOROKA,
N.K.THOMSEN, V.BEREZIN,
E.BOCK, F.M.POULSEN

C: 9560

H: 15440

N: 2580

0: 2680

S:60

PDB Entry

IS to

Silva & Freire
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Creating Workflows by Analogy

~elvdy
JHBEE
Wik
LT 4\
TG
By
S
L
by A
A
S
as o
C | i

ompute difference: A(A,B)
— Just like a patch!
= BlUlG.

D = A(A,B) - C may not be a valid
workflow

Find correspondences between A

and C: map(A,C)

- Diffuse similarity scores across the
product graph AxC using Eigenvalue

decompositions
Compute mapped difference
A, -(A,B) =map(A,C) A(A,B)
D = A,(A,B) o C

Software for Exploratory Visualization

PDB Report

Protein Title STRUCTURE OF THE

MULTIDRUG ABC TRANSPORTER
SAV1866 FROM S. AUREUS IN

COMPLEX WITH AMP-PNP
Authors R.J.P.DAWSON, K.P.LOCHER
Atom Count C: 5934

N: 1548

0: 1668

S:18

C:20

N: 12

NA: 4

0:44

P:6
Links PDB Entry

]

Silva & Freire
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QBE and Analogies

See paper:

— Querying and Re-Using Workflows with VisTrails
Carlos E. Scheidegger, David Koop, Huy Vo, Juliana Freire,
and Claudio T. Silva (Best Paper Award at VIS 2007)

Fr—— Applying Analogy 1 Applying Analogy 2 Applying Analogy 3
PDB : i &
Online| ¢ I

1 —>» |query e

PDB Report

2 — Pl
3 A
Analogy Templates Automatically generated workflow sequence
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VisComplete: A Workflow
Recommendation System

Identify graph fragments that co-occur in a
collection of workflows

Predict sets of likely workflow additions to a given
artial workflow

[Koop et al., IEEE Vis 2008]

(4 VisTrails Builder - Untitled.xml* -0 x VisTrails Builder - Untitled.xmi* -lal’x
Ble Edt View Bun Vistral Extras Help Ble Edit View Run Vistral Extras Help
& * &y LN f a
Y | £ & A P -5 =) : | 0 CR N * | £ & ¢ | =< =L k|0 @«
New Open Save ~ Execute Undo = Pipeline | History Query Exploration | Select | Pan Zoom New Open Save ~ Execute Undo Fe Pipeline | History Query Exploration | Select | Pan Zoom
Modules - ®X) [ Untiledsmis [] Modules &% [ Untitled.xmi* 1%}
Filter X Filter I+| %
VIK = & 3 [=]
tkAppendFilter tkappendFiter
\tkAttributeDataToFeld, VkAttributeDataToField...
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VisComplete: A Workflow
Recommendation System

Similar to a Web browser suggesting URL
completions

Idea applicable to integration queries [Sarah Cohen
-Boulakia et a., JBCB 2006; Talukdar et al., VLDB 2008]

000000 » ooooog » 00oooo »
vtkDataSetReader vtkDataSetReader vtkDataSetReader
— /)BD = ,,}”:I ,ED

Foo0000000 Oooooood >

vtkContourFilter vtkMaskPoints =
—— I N =

IEIDDDDDDDD M
vtkGlyph3D / 7
D 7
i

Doooooooom )
vtkPonDataM:{pper i

0o00000®
vtkTubeFilter
ey

0000000000
vtkPolyData Mg

@00000 [y
vtkActor,

I
N

ums

Vv n 'y
— Eoooomooo p) |\ b\ TR
VTKCell vtkRenderer | \ W\ N\

0

)
00000®000 »|
vtkRenderer r
o@o0 14 (w]u m]m] »
VTKCell VTKCell
[m] m]

Software for Exploratory Visualization Silva & Freire 43




VisComplete (video)

[Koop et al., IEEE Vis2008]

VisComplete:

Data-driven Suggestions for
Visualization Systems
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The Provenance-Enabled Paper

Bridge the gap between the scientific process and
publications

Results that can be reproduced and validated
— Papers with deep captions
- Encouraged by ACM SIGMOD and a number of journals

Describe more of the discovery process: people only
describe successes, can we learn from mistakes?

Dynamic (interactive) publications
— Evolve over time
— Blog/wiki like=> Science 2.0

— Egl
Need tools to support this!
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Provenance and Teaching (1)

Leverage provenance to improve the way we teach
CS and Science

Lecture provenance: student can reproduce results
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Figure 5.2: Plots of the Mauna Loa data set showing monthly m
yearly trend (right) using the principles for improving
sa

urements (left) with the
me that was shown previously in Figure 5.1.

. The plot on the right is the
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Provenance and Teaching (2)

Workflow evolution provenance provides insights regarding

— Task complexity and nature: number of actions; structural vs.
parameter changes; task duration

— Student confusion: large branching factor=lots of trial and error
steps |

@]

1.020

1.015
|
/
@
A

1.010
|

Branching Structure for
Task 3 of User 1

od aw

T ) ] ]
i [Lins®ta al. , SSDBM 2008]

Software for Exploratory Visualization Sllva & Freire 47

1.005
’
O

Branching Factor of Version Tree

1.000
cC 1
w \
@

N
’

Task 1
Task 2
Task 3
Task 4 —




Supporting the Discovery Process
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Aruvi (Shrinivasan & van Wijk, 2008)
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Conclusions

We are working towards developing
“infrastructure” (concepts, library, tools) that
enables the development of better scientific tools!

Adding provenance capabilities to ParaView and
Vislt.

Collaborating with Dean Williams on CDAT

Working with Scott Klasky and the rest of SDM team
on extending the SDM Dashboard with more
extensive data and visualization analysis tools
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More info about VisTrails

google vistrails
Or

http://www.vistrails.org

VisTrails 3

Copyright © 2006-2007 University of Utah. All Rights Reserved

J. Freire, C. Silva, E. Anderson, L. Bavoil, J. Callahan, S. Callahan, L. Carlo, D. Koop,
E. Santos, C. Scheidegger, N. Smith, H. Vo

Software for Exploratory Visualization

Silva & Freire

52



